Introduction
Phenolic acids, derivatives of hydroxybenzoic and hydroxycinnamic acids, are the main phenolic compounds of rapeseed, canola and mustard (Wanasundara et al., 1994; Shahidi et al.. 1994; A m aro wicz and Fornal , 1995 ) . This group of phenolic compounds has antioxidative and bacteriostatic properties (Nowak et al., 1992; Amarowicz et al., 1996 ) . M oreover, they show abilities to bind with proteins of rapeseed (Amarowicz et al., 1993) . Phenolic acids could ex ert an inhibitory effect of mutagenesis induced by aflatoxin B] (Chan , 1992) , benzo(a)pyrene-7,8-diol-9,10-epoxide-2 (Wood et al., 1982) . Inhibition of soya lipoxygenase and mould lipase from A s pergillus oryzae by extracts of phenolic acids oc curred in model examinations (Zadernowski and Nowak-Polakowska, 1992) . The results obtained determ ined us to examine an influence of pure phenolic acids on the activity of pancreatic lipase.
Materials and Methods
Pancreatic lipase (2000 IU / g) of Schuchard was applied. Moreover, the following acids were used:
Reprint request to Dr. R. Amarowicz. Telefax: 4889-237824. Lipase activity was measured by a colorimetric m ethod according to Bier (1955) . An enzymatic hydrolysis of p-nitrophenol acetate to p-nitrophenol was applied in this method; p-nitrophenol ace tate was synthesized according to Huggins and Lapides (1947) .
0.1 ml of methanol including 2, 4, 6, 8, and 10 ^im of acids were added to the tubes with 2 mg of li pase dissolved in 2 ml of phosphate buffer (1/15 m , pH 7) and 2.4 ml of distilled water. A fter heating up to 37 °C, 1 ml of a substrate solution containing 0.33 [iM of p-nitrophenol acetate was added. Following incubation for 20 min at a tem perature of 37 °C the absorbance at 400 nm was measured. Simultaneously the sample, free from lipase, with 0939-5075/96/1100-0903 $ 06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. addition of a substrate and phenolic acid was incubated.
Inhibition of lipase was calculated as follows:
A ,, sample absorbance with lipase and substrate; A 2, sample absorbance with lipase and substrate and phenolic acid; A 3, sample absorbance with substrate and pheno lic acids. All measured were conducted in triplicate. K m and type of inhibition for ferulic acid was evaluated using Lineweaver-Burk plot. An addi tion of 1 0 (.i m of ferulic acid to the sample was used in investigations.
Results and Discussion
The strongest inhibitors among derivatives of hydroxybenzoic acid were salicylic and p-hydroxybenzoic acids. Inhibition exceeded the value of 25% at an addition of 10 [.i m of salicylic acid. In the case of the addition of gentisic, protocatechuic and syringic acids at the same level an inhibition index was in the range from 10% to 15% (Fig. 2) . The reaction rate for the control was 0.017 [.i m of p-nitrophenol / min.
Derivatives of hydroxycinnamic acid inhibited more powerfully the activity of pancreas lipase (Fig. 3) . The strongest inhibitors were cinnamic and caffeic acids. At an addition level of 10 [am of phenolic acids an inhibition index was slihtly more than 30%. The weakest inhibitors of pancreas li pase were sinapic and /7-coumaric acids.
The Lineweaver-Burk plot (Fig. 4) suggests non competitive inhibition of panreatic lipase by feru lic acid. The K m calculated from the plot is about 0.152 mM / 1.
Comparing the results obtained with the chemi cal structure of phenolic acids, it appears that compounds with a methoxy group (syringic and sinapic) are weak inhibitors of lipase. Com para tively small inhibition of lipase by a compound without a hydroxy group (benzoic acid) shows that a carboxy group takes part in the activity between phenolic acids and the active centre of lipase. The activity intensity depends on molecular size. In the case of cinnamic acid it is distinctively lower than that of benzoic acid. Position of the -OH group in the ring also affected lipase inhibition. Inhibitory effect at ortho-position was stronger than at paraposition and salicylic acid was a stronger inhibitor than p-hydroxybenzoic; o-coumaric had stronger inhibitory properties than p-coumaric.
The inhibitory effect of pancreas lipase activity by phenolic acids in this paper, was clearly smaller than inhibition of the same enzyme by chlorophenoxyacetic acid derivatives (Amarowicz e t a l.,  1988) . In the case of these compounds, an inhibi tory effect occurred at 10 times smaller contents of inhibitors in the same sample.
